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INTRODUCTION 
The vegetation on Kinkazan Island has suffered severe effects by the 
overstocked deer population for many years. The temperate forests of Japan 
usually have a thick undergrowth that is classified into tree, subtree, shrub and 
herb layers (Yoshioka, 1952), but the forest on the island lacks the subtree and 
shrub layers with some exceptions (Yoshioka, 1960). 
In the previous articles (Ito, 1970, 1972), the writer reported on the growth 
forms and the distributions of two kinds of shrubs, Viburnum dilatatum and 
Rhodode:nil.ron Kaempferi, which are browsed continuously by the deer that 
concentrate on the newly grown twigs in early summer. They are designated as 
resistant plants. These plants are distributed widely on Kinkazan Island as the 
undergrowth of the forest, especially on the sunny ridges of the western half or on 
the grasslands of the north-western quadrant of the island. The growth form of 
these resistant plants is a useful indicator of the historical trends of overbrowsing of 
the deer. 
Moreover, there are many specific plant communities induced by the deer, 
which are composed maiuly of unpalatable species (Yoshioka and Kashimura, 
1959). They have spread to a large area and increased vigorously forming specific 
communities, for example, the Miscanthus and Pteridium grasslands and the 
Illicium forest. They may correspond to a rank of associes or consociation. 
Besides them, there are several unpalatable plant groupings corresponding to a 
society or socies. 
In this paper, the development and distribution of three species of these 
societies are presented. 
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Before proceeding further, the writer wishes to express his cordial thanks to 
Dr. Mutsuo Kat&, President of the Tohoku University for his direction dming 
the course of this study . Thanks are also due to Dr. Kuniji Yoshioka, formerly 
Professor of the Tohoku University for his fruitful advices. 
METHODS OF OBSERVATION 
Most of the field works were done dming September through October 1970, 
by the method of contour line transect counts. This method is, traversing the 
island along the contour lines from 50 to 450 meters above sea level at intervals of 
50 meters, and recording the width of the respective plant societies on a map. 
RESULTS AND DISCUSSION 
According to Yoshioka and Kashimura (1959), 23 species of unpalatable plants 
have been recorded from Kinkazan Island. Among them, the following three 
species of unpalatable shrubs are the most characteristic in the vegetational 
featme of the island because they are conspicuous on the forest floor in the over-
browsed area; Leucothoe (frayana var. pminosa, Xanthoxylurn piperiturn and 
Senecio cannabifolius. 
(1) Leucothoe Grayana var. pruinosu 
The distribution of the societies of Leucothoe Grayctna var. pruinosa on 
Kinkazan Island is shown in Fig. 1 with other vegetation types that have been 
surveyed by Yoshioka (unpublished). 
The societies of this species are developed on the slightly arid forest floor at 
150 meters and more above sea level. This area is the Fagus crenata forest zone, 
occupying the greater part of the area 200 meters and more above sea level and it 
includes the upper part of the Abies firrna-Ca.?·pinus Tsclwnoskii forest, spreading 
below the Fagus zone. They make a striking undergrowth on the ridges and 
upper slopes in a wide area of the Fagus forest (Fig. 2). 
In the area of 300 meters and more in altitude centering aro1md the summit 
of the island large societies of the variety are well-developed on the west- and 
northwest-facing slopes. On the contrary, the societies are scarce on the south-
western ridges, where Rhododendron Haernpferi, more heliophytic than Leucothoe, 
is abundant. On the open areas or the sunny ridges where the forest canopy layer 
is destroyed the Leucothoe societies are replaced by the Miscanthus sinensis var. 
gracillimu.s and the Ptericliurn aquilinum var. latiusculwn communities. The 
Leucothoe societies are little developed in the area below 150 meters in altitude. 
(2) Zantlwxylurn piperitum 
l\'[any kinds of thorn shrubs are observed commonly on Kinkazan Island 
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F ig. 1 The distribution of the societies of L eucothoe (}rayana var: p1·uinosa on Kinkazan 
Island. The vegetative features in the figure except for th1s soc1ety are accordmg 
to Yoshioka (unpublished). 
because of their unpalatability for deer browsing. They are Zanthoxylum 
pi]Je·ritum, Z. schinifolium, Berberis thunbergii, Antlia elata, Rubus rnicmphyllus, 
Smilax chinu, Cirsium amplexifololium var. murai, and so on. Among them, 
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Fig. 3 The distribu t ion of the societies of Zanthoxylum piperitum on Kinkazan I sland. 
The veget<tti\'e features in t he figure except for this society are according to 
Yoshioka (unpublished). 
Zcmthoxylum JJiperitum is the most abundant and conspwuous, forming a specific 
society everywhere. 
The distribution of the Zanthoxylum piperitum societies on Kinkazan Island 
is shown in Fig. 3. The vegetative features in the figure except for this society 
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are according to Yoshioka (unpublished). 
The societies of this species spread over the whole island as understory 
shrubs of various kinds of forest except the pine forest. Above all, they are well-
developed on the humid bottomlands or the rocky and moist sites in the openings 
of forests where the soil is poor and shallow (Fig. 4). 
The distribution pattern of the Zanthoxylum societies shows a striking 
contrast to the above-mentioned Leucothoe societies, in being distributed on the 
humid bottomlands in the skirt area of the island between 100-300 meters above 
sea level without overlapping each other, whereas the Leucothoe societies are 
concentrated in the areas higher than 300 meters in altitude. There is a little 
difference in floral composition of these societies between the east- or north-facing 
slopes and west- or southwest-facing ones. On the former places the societies are 
frequently observed as pure stands, but on t he latter several kinds of plants, i.e. 
Miscanthus sinensis, Pteridium aquilium var. la.tiusculum, Senecio cannabifolius, 
Amlia elata, etc. are associated with Zanthoxylum. The societies are scarcely 
observed in the pine forest which skirts mainly the base of the island, consisting of 
Pinus densijlora and P. thunbergii. On the grasslands dominated by Miscanthus 
sinensis var. gmcillimus and Pteridium aquilinum var. lati~lSculum, a few plants of 
this species trimmed by deer browsing stand apart from each other. 
(3) Senecio cannabifolius 
The distribution of the societies of Senecio cannabifolius on Kinkazan Island is 
shown in Fig. 5 with other vegetation according to Yoshioka (unpublished). 
The societies of this species are developed throughout the island from the 
shore to the summit, especially, they are most remarkable on the moist bottomlands 
bordering the gentle stream under the crown of the Fagus m·enata or Abies ji1·ma 
forest. There is indication that the societies are developed larger on the sunny 
openings in sparsely wooded area than on the forest floor under the thickly covered 
canopies (Fig. 6). They also have a characteristic habitat of expanding their 
distribution by vigorous invasion into the open areas newly produced by the 
clearing or destruction of the forest. They are scarcely observed in the Pinus 
communities, except for the few societies recognized on some openings. The 
flat grasslands of 111iscanthus and Pteridium are starred with several small patches 
of this plant only on the low ground with a light breeze. 
As shown in Fig. 7, the characteristic relation of these three species in their 
vertical distribution pattern, namely, the topography, height from the sea level 
and vegetational type all serve to distinguish them from one another. 
Besides them, there are many unpalatable plants in the island, i.e. Pteris 
cretica, Juniperus conferta, Erythmnium japonicum, Veratrum stamineum, 
Boehrneria biloba, B. sieboldiana, Paeonia obovata, Illici~trn religiosurn, Pe?illa 
]1-·utescens var. citriodora, etc. 
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Fig. 5 The distribution of the societies of Senecio cannabifolius on Kinkazan I sland. 
The vegetative features in the figure except for this society are according to Yoshioka 
(unpublished). 
Illicium religiosum is the only evergreen broad leaf tree observed on the flat 
grounds in the island. Other subtrees and shrubs such as Pittosporum tobira, 
Eurya japonica, Machilus thunbergii and Cyclobalanopsis acuta, are scarcely found 
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Fig. 7 The interrelation on the vertical distribution o~ th:ee kinds of unpalatable .shr.ub; 
Leucothoe Grayana var. pruinosa, ZanthoX1.Jlum ptpentum and Senecw cannabifohus. 
in the forest except on the steep coastal slopes and cliffs with an inclination of 60 
degrees where the deer cannot reach (Hiraki et al., 1970). This fact apparently 
shows that the Jack of evergreen should be attributed to the overbrowsing of the 
deer. The Illicium forest is distributed only at the north area contiguous to the 
shrine and it may have been introduced so as to offer the altar of the shrine. 
V ertrum stamineum is distributed locally as well as on the island. The 
societies occupy the flat bottomlands bordering the stagnant stream between 90-
380 meters above sea level, especially, the large groupings are observed within the 
limits of 180-250 meters in altitude associated with Zanthoxylum piperitum. 
If the vegetation on Kinkazan Island was succeeded normally without the 
influence of deer grazing and browsing, there would be maintained sufficient 
supply of the subtree and shrub layers in every type of forest. But at present, the 
natural forests on this island lack the subtree and shrub layers and the saplings of 
the canopy forming trees are very sparse or absent {Yoshioka, 1960; Nojima and 
Nishihira, 1973). The herb layers are not less developed, but they are composed 
mainly of the unpalatable species. Consequently most of the lower plants of the 
island consist of unpalatable, occasional palatable or resistant plants. So, the re-
generation of the natural forest cannot be expected so far as the continual browsing 
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by the overstocked deer goes on. Similar results were obtained by Ross et al. (1970) 
in the Pinus resinosa forest in north-central Minnesota, the United States, that is 
to say, outside the enclosure tree reproduction was scarce, and Pinus resinosa and 
Betula papyrifera saplings increased substantially, probably because they were of 
low palatable as deer browse. 
It may be justified in saying that all plants of the island have been more or 
less affected by the deer. One of the greatest effect of the deer is to graze or 
browse. Among the unpalatable plants which were listed by Yoshioka and 
Kashimura (1959), some such as Illicium rel!igiosum, Pteridium aquilinum var. 
latiusculum, Boehmeria . sieboldiana, Phytol.acca esculenta, Paeonia japonica, 
Senecio cannabifolius, Arisaema limbatum, etc. are slightly or rather heavily 
browsed. Deer browsing on a particular kind of plant appears to vary with its 
growing site and the parts or organs of the plant. 
The newly grown sprouts of Zanthoxylum piperitum are occasionally nibbled 
from spring to early summer. At the north end of the Shikayama grassland the 
cone-shaped browsed forms of this species with finely branching twigs and small 
leaves are scattered between 180 to 220 meters in altitude. 
Veratrum stamineum is browsed only in the early spring (from the end of 
March to the beginning of April) before its new leaves start to expand. Eighty 
per cent of feeding prints by deer browsing were recognized, for example, in the 
grouping of this species locating on the moist bottomland at 370 meters in altitude 
along the path from the shrine to the summit. Besides this species there are 
some plants in the island such as Arisaema serratum, A. limbatum, A. agustatum 
and Primura japonica that are utilized only in early spring; they are the so-called 
the early spring type (Nojima and Nishihira, 1972). Flowers and flower buds of 
these species are particularly attractive for deer. 
The mature leaves and withering stems of Senecio cannabifolius are rather 
heavily browsed at the end of their life cycle. 
As a deer herd increases beyond the optimum density, demand for quality 
foods begins to exceed supply. Overbrowsing will cause a decline in forage 
production and force the deer to browse the less palatable species. And continued 
heavy browsing or grazing can thus shift a forest from a mixture of useful browse 
plants to a largely unpalatable assemblage of shrubs and herbs. 
As mentioned above some species of the unpalatable plants are browsed only 
on their particular organs in some seasons. These browsing pressures have little 
significant for them to damage their migrules, and almost all of the unpalatable 
plants remained as they are. Thus they seem to be extending their distribution 
throughout the island. As was indicated by Hosley (1956), comparatively heavy 
use of these unpalatable browse plants shows too large a population of deer. And 
they are useful indicators of overuse and their abundance in relation to normal 
occurrence may be used to know the present condition. 
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According to Yoshioka (1960), the Leucothoe societies, spreading out as the 
undergrowth of the Fagus-Ca1-pinus forest on Kinkazan Island, are not developed 
in the Kido national forest in Fukushima Prefecture where the deer does not live. 
The shrub layer composed mainly of Sasa borealis and other genera of the Bambus-
aceae is developed vigorously and occupies the whole floor of the forest at Kido 
instead of Leucotlwe Grayana var. pruinosa. 
The Leucothoe societies are not developed in the Abies forest on the 1\IIatsushima 
islands, Miyagi Prefecture, and in the Pinus densiflora forest on Kiyosaki Peninsula 
in the same prefecture. 
The societies of Zanthoxylum piperitum and Senecio cannabifolius, that cover 
the humid bottomlands or shady flat grounds of Kinkazan Island, are very poor 
or not developed at other localities. As mentioned above, the forest cannot 
regenerate and will be replaced by a grassland. But it is not correct to assume 
from these conspicuous phenomena that the climax forest on Kinkazan Island 
lacks regeneration potency of progressive succession. l\'Iany saplings or seedlings 
of canopy forming tree species have been discovered in the patches of Leucotlwe 
and 111iscanthus occurring throughout the island and protected by their dense 
thickets from deer browsing, but they are almost completely browsed before they 
reach the height of dense foliages (Nojima and Nishihira, 1973). 
As studied already by Yoshii and Yoshioka (1949), the difference in species 
diversity and height of saplings is remarkable between the area protected by a fence 
and that unprotected from deer browsing. Research workers studying the 
overuse of some grazing or browsing animals have reported rather similar results 
(Wright and Wright, 1948; Gardner, 1950; Evanko and Peterson, 1955; Ross 
et al., 1970). Pickford (1932) compared vegetation within exclosures to adjacent 
grazed areas in Utah. With prolonged heavy grazing, he found severe depletion 
of perennial grasses, an increase in sagebrush, A1·ternesia spp., and a decrease in 
total plant density, and occasionally an increase in density of perennial weeds and 
annual grasses. Consequently, the results of these reports indicate that the 
natural regeneration of the canopy forming species is expected in the protected 
area. Recently, one of these examples was shown by the in- and outside of the 
fence enclosed about three years before at the Shikayama grassland (Fig. 8). After 
the building of this enclosure, inside the fence the occurrence of seedlings and 
saplings has increased greatly and has followed a normal successional sequence 
dominated by Carpinus Tschonoskii, Abies firma, Pinus densijlora and Zelkova 
sen·ata. Usually within five years, more or less, there is an abundance of subtrees 
and shrubs producing highly palatable food plants in the enclosure. 
A particularly striking example of this interrelation between the deer and the 
vegetation is also seen on Miyajima Island in Hiroshima Prefecture, where is 
three times larger than Kinkazan Island and about 400 heads of wild deer are 
living (Horikawa, 1942). 
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It is possible to say that these societies consisting of the unpalatable or 
resistant plants developed on shrub and herb layers on Kinkazan Island are the 
substitutional vegetation of the natural forest, and the most effective factor main-
taining this condition is caused mainly by deer grazing and browsing. 
Consequently, the substitution of the unpalatable and resistant plants at 
every type of the forest communities can be arranged as follows: 
Fagus community 
(arid ridges) ----------> 
(semi-arid ridges) 
(sunny flat grounds) 
(bottomlands) l 
(semi-humid flat grounds) -----> 
Abies community 
Rhododendron Kaempferi 
Leucotlwe Grayana var. pruinosa 
Zanthoxylum piperitum 
(upper part of ridges) !
Leucothoe Grayana var. }Jruinosa. 
> Rhododendron Kaempje1·i 
(ridges) ---------> J1 iburnum dilatatum 
!
Senecio cannabifolius 
(bottomlands) ----------> Zanthoxylum piperiturn 







(humid flat grounds) 
SUl\:IMARY 
Senecio cannabifolius 
J1 iburnum dilatatum 
Senecio cannabifolius 
l. The development and distribution of three kinds of unpalatable shrubs for 
the deer on Kinkazan Island, i\1iyagi Prefecture, were studied. 
2. The societies of Leucothoe Grayana var. pruinosa are developed on the 
slightly arid forest floor at 150 meters and more above sea level. 
3. Their large societies are well-developed on the west- and northwest slopes 
at 300 meters and more in altitude. 
4. The societies of Zanthoxylum piperitum spread over the whole island, 
especially, they are well-developed on the humid bottomlands and shady flat 
grounds. 
5. They are distributed in the skirt area of the island between 100-300 
meters in altitude. 
6. The societies of Senecio cannabifolius are developed throughout the island, 
especially, they are most remarkable on the moist bottomlands under the trees 
of the Fagus and Abies forest. 
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7. A characteristic relation on the vertical distribution is recognized among 
these three plants. 
8. The conspicuous phenomena that various kinds of unpalatable plants are 
well-developed on Kinkazan Island, may be caused mainly by the grazing and 
browsing pressure of the overpopulated deer. 
9. Consequently, some kinds of substitutional shrubs are observed everywhere 
on the island. 
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